Background: The University of Talca (UT), since 2012, has been annually tracking the carbon footprint (CF) based on the Greenhouse Gas (GHG) Protocol for all its five campuses. The purpose of this paper is to illustrate the trajectory for determining the CF on campuses and identify the stressors. Methods: GHG protocol separates emissions into three scopes-1) direct; 2) indirect; 3) other indirect emissions. This study reports the emissions on the Talca campuses that are related to Scopes 1 through 3. The data is closely studied to draw inferences on the factors most affecting CF and recommend improvements. Results: The estimation of the CF in Scope 1 and Scope 2 were 2 0.03 tCO 2 e and 0.25 tCO 2 e per person per year, respectively. Results show Scope 3, which measures indirect emissions generated by activities like transportation of people, produced the highest contribution of 0.41 tCO 2 e per person to the UT's CF in 2016. Conclusions: The study strongly suggested that transportation of students and faculty to and from the campus is one of the main stressors. The study of the main campus of Talca to quantify the CF is of immense value to institutions of higher educations as it provides a guideline and a comparative metric for other institutions.
Introduction
Over the last decade, sustainability reporting has gained importance in both profit and nonprofit organizations. Sustainability reporting provides information to decision-makers and acts as a catalyst for organizational change. Additionally, the International Association of Universities has made sustainable development in higher education one of its priorities [1] . The United Nations' report Our Common Future shows the multilateralism and interdependence of nations in the search for a sustainable path [2] , or people's continuous efforts to attain a sustainable society. In the same way, the Sustainable Development Goals (SDGs) developed by the United Nations General Assembly in 2015 provide clear guidelines and targets for all countries to adopt in accordance with their own priorities and the environmental challenges of the world at large. Goal 13 of the SDGs specifically focuses on the need to address the issue of climate change. To combat the negative impacts of climate change, Goal 13 includes five targets, one of which is raising institutions' and humans' awareness on mitigating climate change, as well as enhancing their ability to do so [3] . The setting of goals and objectives under the aegis of the SDGs is an affirmative step to better educate the younger generation about sustainability and environmental impacts.
Common opinion holds that universities should be a beacon for society; they should be inclusive, honest, and sustainable, and encourage free speech and critical thinking. Consequently, universities have been regarded as institutions with significant responsibilities to help resolve issues of sustainability as well as serve as role models to society by implementing sustainable plans that entail monitoring the negative consequences of university operations [4] . Students in higher education should be educated on sustainable development and sustainable practices. The universities imparting education on sustainability should be concerned with their students' good practices and the impacts of their activities.
The Sustainable University initiative in Chile developed by Red Campus Sustentables [5] recognizes the importance of developing greener practices within university campuses, with the intent to engage students and staff in a constructive environmental dialogue. For more than a decade, the University of Talca (UT) has promoted its environmental policy, which establishes practices and improvements in relation to energy and water efficiency issues, waste, habitat protection and biodiversity, and the promotion of interdisciplinary research associated with sustainable development. One such institutional action has been measuring the carbon footprint (CF) within its different campuses since 2012 [6] [7] [8] [9] . The historical evolution of CF measurements shows no clear patterns of reduction in some campuses that are explained in this paper. These measurements form part of the sustainable report that is annually disseminated to the university community at large. Authorities of the university are expecting that more people in the university community will get involved because they are inspired by the report to reduce its CF.
It is hard to establish a metric for sustainability efforts. There are many indicators to measure the effects of society's action on the environment. Ecological footprint (EF) is one of them. EF takes into account energy consumption, food consumption, waste disposal, water supply, transportation, and paper consumption [10] . EF estimates the "minimum land necessary to provide the basic energy and material flows required by the economy" [11] . However, different feeding habits of people make this measurement complex, and the chosen unit for the UTalca calculation is per person. Additionally, ISO started developing an international standard ISO 14064 on Carbon Footprint of Products and it is already a proposal to measure the CF of organizations. Similarly, the World Business Council for Sustainable Development (WBCSD) and the World Resources Institute (WRI) develop two standards under their Greenhouse Gas Protocol Product/Supply Chain Initiative: A Product Life Cycle Accounting and Reporting Standard: Guidelines for Value Chain (Scope 3) Accounting and Reporting [12] . In order to assess the environmental impact and report the sustainability of the university campus, this paper uses the CF based on the last initiative. CF is a concept created as a reference to see how viable the current consumption of fossil energies (oil, gas, coal) is and how it will be projected into the future [13] . In the following table (Table 1) , selected important studies about CF of Universities are summarized with their methodologies and indicators. Table 1 is not an exhaustive list of studies on universities rather a selected set of studies chosen after an intensive literature review. These previous studies (listed in Table 1) show that ISO 14064 and the Greenhouse Gas (GHG) protocol are the main methodologies to measure CF in universities. Given the nuances in the protocol, along with units of measurement, and the assumption trail included in each study, the results of such analyses will be disparate. Moreover, studies do not have a unique indicator to show their results and are usually expressed in tCO 2 e per student/employee/person. Considering all people who inhabit campuses as source of emission, this study shows their results per person.
The main objective of this study is to quantify the CF at the Talca campus of the University of Talca in Chile by comparing its measurements to historical data of the University of Talca's other four campuses: Curicó, Santiago, Colchagua, and Linares. In addition, the criteria used during the protocol implementation is evaluated in this study.
The Sustainable University Initiative promotes actions based on data recorded following CF results. Considering CF as an environmental management tool, data collected during the process allows a broader point of view on environmental performance of campuses, facilitating decision making. The results of this study will be useful to other universities worldwide, especially those in South American countries with similar economic, cultural, and geographic conditions as Chile.
Materials and Methods
In this section, the following topics will be addressed: (1) description of place of study, (2) explanation of the GHG Protocol as a research methodology and justification for using it, and (3) explanation of direct and indirect emissions produced on campus due to academic activities.
Conditions at the Talca Campus of the University of Talca
The University of Talca in Chile is one of the twenty-five institutions of higher education that make up the President's Council of Chilean Universities (CRUCH, Spanish acronym). Founded in 1981, it has progressively become one of the main national references for public, nonprofit higher education. The university's activities are informed by a strategic plan, to be in force until 2020, that includes the macro trends of the environment and, based on them, takes advantage of the opportunities to concretize the corporate vision of "Being recognized as a public, innovative, complex university of excellence; a reference in the higher education system and relevant in its development with the endeavors of the Country and the Region" [21] .
The University of Talca has five satellite campuses located in the cities of Talca, Curicó, Linares, Colchagua, and Santiago. Together, these campuses have around 10,000 students enrolled in 19 undergraduate and 34 graduate programs. The largest campus in the University of Talca system is located in the city of Talca, the capital of the Maule Region. This region has a Mediterranean climate that imposes seasonal characteristics due to its annual precipitation: six months of rain from April to September and six months with a scarcity of rain from October to March [22] .
During the study period of 2016, according to the university administration's data, the Talca campus had nine faculties (Health Science, Agronomical Science, Engineering, Economy and Business, Forest Science, Law and Social Science, Psychology, Architecture, Music, and Design), six institutes (Biological Science, Mathematics and Physics, Education R&D, Chemical and Natural Resources, Humanistic Studies, Innovation based on Science), four main education departments (Academic, Innovation and Technological Transfer, Undergraduate, Student Development), and 10 technological centers (Bioinformatic and Molecular Simulation, Geomatic, Research and Transfer in Irrigation and Agroclimatology, Genetic Improvement and Plant Phenomena, Pomaceous, Vine and Wine, Soil and Cultivations, Poplar, Environmental Hydrology, Native Plants), with a population of 6941 students (mainly undergraduates) and staff of 928 people including faculty, staff, and other contracted personnel (guards, janitorial, food and maintenance services). The Talca campus consists of 55 buildings spread over 100 hectares, with a total constructed area of 98,000 square meters, including faculties, technological centers, classrooms, laboratories, library, gymnasium, food services, and administrative offices. The Talca campus is by far the largest in terms of area and enrollment.
This study does not include facilities located in Talca's downtown area, such as the institution's main office and extension center. By design, the study includes data from 2016 and compares it against data collected since 2012 in various campuses of UT. This provides a snapshot of five years in time. A similar study will be conducted after the next five years to compare and contrast the CF trends and will be reported as part of a future publication.
GHG Protocol
The University of Talca has been measuring its CF since 2012 with the objective of quantifying the greenhouse gases produced by the institution. This environmental management tool allows developing measures to reduce the environmental impact of the activities carried out on the campus. It started in one of the satellite campuses in Curicó. Then, year by year, more campuses were added and the Corporate Report of Sustainability of 2017 included the entire quantification of the CF of all UT campuses in 2016.
The Greenhouse Gas (GHG) Protocol of the World Resources Institute (WRI) and the World Business Council for Sustainable Development (WBCSD), published in 2011, gives requirements for quantifying GHG emissions within organizations under the Kyoto Protocol [23] . CF measure the greenhouse gas emissions that are directly or indirectly caused by an activity or are accumulated over the life stages of a product or service, expressed in carbon dioxide equivalents. According to the Intergovernmental Panel on Climate Change (IPCC) [24] , there are 18 greenhouse gases with different global warming potential, but under the United Nations Framework Convention on Climate Change (UNFCCC) [25] and its Kyoto Protocol, only Carbon dioxide (CO 2 ), Methane (CH4), Nitrous Oxide (N2O), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs), and Sulfur hexafluoride (SF6) are considered for the carbon accounting. GHG protocol is used to calculate CF as it is used by the University in the study as it is a part of the Sustainable Universities Initiative in Chile, which follows ISO guidelines and mandates using GHG protocol.
The five main objectives of this standard and guidance are: help companies prepare a GHG inventory that represents a true and fair account of their emissions through the use of standardized approaches and principles; simplify and reduce the cost of compiling a GHG inventory; provide businesses with information that can be used to build an effective strategy to manage and reduce GHG emissions; provide information that facilitates participation in voluntary and mandatory GHG programs; and increase consistency and transparency in GHG accounting and reporting among various companies and GHG programs. This protocol is widely recognized and used by the American College and University Presidents' Climate Commitment [26] .
The GHG Protocol separates emissions into three scopes. Scope 1, direct emissions, includes those emissions from sources owned or controlled by the organization; Scope 2, indirect emissions, covers emissions from the organization's purchased electricity consumption; and Scope 3, other indirect emissions, includes emissions that result from activities within the organization, but from sources that are not owned or controlled by it [23] .
Direct and Indirect Emissions Evaluated in this Study
This section reports the emissions generated by activities on the Talca campus that are related to Scopes 1 to 3 of the GHG Protocol standard, as well as the sources of data used for their calculation.
To establish the base of the study, the operational control that quantified GHG emissions where the organization can develop or apply management politics, was used to define the scope of inputs [27, 28] .
The following steps were used in order to determine the GHG emissions related to each category:
1.
Determine the energy consumption in each category, such as kWh of electric consumption and liters of liquefied petroleum gas (LPG) consumption.
2.
Find the updated GHG emissions factor associated with each category, such as kgCO 2 e/m3, tCO 2 e/kWh, kgCO 2 e/km traveled 3.
Calculate amount of CO 2 e in each category by multiplying consumption per emission factor associated with each category.
A simple expression to reflect in the arithmetic term CF calculation is the following:
where, Xi and Fi are the amount of energy (LPG, diesel, and electricity) and GHG emission factor per type of energy, respectively. Each campus was collecting the data to calculate the consumption of energy per year. Faculties, institutes, education departments and technological centers, administrative office, and student facilities, such as classrooms, laboratories, libraries, gymnasium and food services, were providing the data requested by the community engagement department. The GHG emission factors were obtained by different sources of well-recognized institutions that are explained ahead in Table 2 .
The emissions evaluated in this study are the following:
Direct Emissions of Scope 1
In this study, Scope 1 covers direct emissions from fuel consumption of liquefied petroleum gas used on campus for heating and fuel for on-site transportation (security staff) and off-site transportation by car (paperwork or personnel) and institutional buses (student field trips or practices). This does not include student, staff, and faculty commutes to and from campus. The data was provided by the manager of campus administration for fuel consumed during 2016. The emission factor was obtained from the GHG Emission Inventory from the Chilean Ministry of Energy [29] .
Fugitive emissions that leak from air conditioners using R-410 and R-22 refrigerants were also estimated by the manager of campus administration. Refrigerant emission calculations were carried out based on DEFRA (Department for Environment, Food, and Rural Affairs-Gov. UK) [27] .
Indirect Emissions of Scope 2
Scope 2 covers indirect emissions by generation and transmission of electricity. Emissions are derived from the acquisition and consumption of energy in the organization but physically produced outside the boundaries of the organization.
The emission factor from 2016 was obtained from the Emission Inventory for the Central Interconnected System of the Chilean Ministry of Energy [29] . 
Other Indirect Emissions of Scope 3
Scope 3 covers other indirect emissions. This scope, according to most of the references for the calculation of an organization's CF, is an optional category that allows researchers to include indirect emissions not included in the previous scopes. Scope 3 activities are a consequence of activities of the organization that occur in locations or from sources that are not owned or controlled by the university.
To decide which emission sources are relevant for inclusion in this scope, it is possible to use the following criteria:
-
Significance of the emissions with respect to the total emissions of the organization -Representativeness of the activity in the organization as a whole -Availability of auditable data -Relevance for interested third parties (university community, civil society, administrations, suppliers, etc.) -Potential for reducing emissions It is possible to exclude emissions from sources whose contribution is not relevant (below the threshold of significance that the organization establishes) or if the calculation is technically or economically unfeasible. Some rules establish that those emission sources that contribute less than 1% to the total emissions can be excluded from the calculation.
In this scope, the study includes sources of emission that accomplish all the five criteria described above, such as student travel for field trips, air and land travel for academic staff, and staff and student commutes, paper and LPG consumption, and waste in landfill and recycling. Emission factors of paper consumption were taken from DEFRA database from United Kingdom [27] ; fuel used in cars, buses, and vans; fuel used in airplane for short, medium, long flights, and recycling was taken from DEFRA database [27] ; and waste from HuellaChile MMA, database from Chile [28] . Emissions sources that were not included in the 2016 CF measurement did not take into account the first four mentioned criteria. Due to this fact, the sources of emissions were toilet paper consumption and fuel consumption used to transport items such as paper, LPG, and waste. These sources of emissions were mainly not included due to its low significance based on previous year emission measurements and due to lack of information that is usually provided by registration of third party (external services, such as food service, maintenance, and campus security).
The results are reported as CO 2 e per person that includes students, staff, and employees. The carbon dioxide emissions of Talca campus per person was calculated by dividing the total emissions from Scopes 1, 2, and 3, whose primary sources were fuel consumption, electricity consumption, and commute, by the number of people. Similarly, the carbon dioxide emission of each scope per person was calculated by dividing each source of consumption (fuel, electricity, or commute) by the number of people.
Exclusions and Assumptions
Talca campus has two green areas: the Botanical Garden and the Arboretum. The total size of these two locations is 13 hectares. The mitigation of GHG based on absorption of carbon was not included in this study. Furthermore, the emissions produced in laboratories by chemical and physical processes were not calculated because they serve an academic purpose and are not part of the operation of the university.
Fugitive emissions from air conditioning were calculated with R-22 gas, which was not included initially in the calculations of the national database. The emission factor of this gas was taken from DEFRA [27] .
Staff and student transportation data was collected using a survey, which was answered by 10% of students and staff at UTalca. Transportation distances for staff and students were estimated using digital maps and survey data. The sample size's behavior was assumed to be representative of the transportation pattern of the university's community at large.
Results and Discussions

Analysis of the Current Situation of CF at the Talca Campus
In this section, the total CF is analyzed. First, the total GHG emissions generated by each scope are presented for the Talca campus ( Figure 1 ). Second, GHG emission factors for each source are reported in Table 2 . Electricity mix is yearly updated, based on the source of energy of the Chilean grid. Third, the main emission sources and their associated activities for each scope are displayed. Fourth, the results are analyzed that relate to transport used for staff and student commutes, which are the largest source of emissions in Scope 3 (Table 2 ). Finally, the historical results of other campuses of the University of Talca are presented, subdivided by years ( Figure 2 ) and participation of scopes ( Figure 3 ).
It is important to take into account that not all campuses started CF measurement and reporting at the same time. This was implemented gradually due to the learning curve associated with the process. 
CF and Their Contribution per Sources and by Scopes
The university's activities resulted in approximately 0.72 tons of carbon dioxide emissions per person in 2016. The CF reported is an assessment of the institution's emissions and is only a partial footprint because it does not take into account the full 24-h-day lifestyles of people within the colleges. It includes only the hours that they spend at the university each day and the commute time to get to campus [30] . The main contribution corresponds to Scope 3, followed by Scope 2, and then Scope 1. This suggests indirect emissions, rather than direct emissions, are significant contributors to the CF. These distributions are in agreement with Álvarez et al. [31] . However, according to the GHG Protocol, organizations must account for at least Scopes 1 and 2, emissions that can be controlled by the organization. In this case, Scopes 1 and 2 represent 40% of the total emissions of UTalca-Talca campus. Similar results were observed in Autonomous National University of Mexico and reported in Reference [15] (cited by [16] ), where Scopes 1 and 2 accounted for 47% of the total emissions. Table 2 shows the emissions factors, taking into account the calculations for all three scopes. Although the CF reported is for 2016, it includes some updated emission factors in 2017 due to general consensus among Chilean organizations.
The uncertainty in the data, as reported in Table 2 , was associated with the way in which the data was collected and calculated. In this study, the level of uncertainty is adopted from the Program Huella Chile of the Ministry of Environment of Chile, which created a scale of uncertainty, based on the recommendations suggested by the Chilean standard ISO 14064 and the GHG Protocol [32] . In relation to the variability and updating of the emission factors, the grid electricity is a factor that is updated annually according to the gross generation, data delivered by the National Energy Commission of Chile; the rest of the emission factors have remained constant [29] .
Direct Emissions of Scope 1
The estimation of the CF in Scope 1 is 264.28 t CO 2 e per year or 0.03 t CO 2 e per person per year. In our study, the main contributor to these emissions was LPG consumption in the boilers, which accounted for 147.47 t CO 2 e. Other contributors were institutional vehicles (72.39 t CO 2 e) and refrigerants (36.38 t CO 2 e) and LPG consumption in powered generator (8.04 t CO 2 e). GLP consumption from boilers was, however, the most dominant contributor in Scope 1.
Indirect Emissions of Scope 2
Scope 2 presents a total of 1982.32 tCO 2 e or 0.25 t CO 2 e per person per year, associated with the emission of GHG from the generation and transmission of electricity. Electricity generation accounted for 100% of the emissions associated with Scope 2. It is provided from the electric grid of the central interconnected system of Chile.
Other Indirect Emissions of Scope 3
A total of 3226.29 tCO 2 e or 0.41 tCO 2 e per person is caused by other indirect emissions that are produced mainly by daily transport of people moving on and off-campus in Talca (85% as per Figure 1 ). Other inputs associated in this scope are: airplane business travels (338.78 t CO 2 e), waste production (81.14 t CO 2 e), vehicles business travels (15.18 t CO 2 e), paper consumption (12.59 t CO 2 e), LPG consumption in dinner room, which is a third party service (18.9 t CO 2 e), and recycling (8.14 t CO 2 e).
Emissions in 2016, associated with commuting, are shown in Table 3 . Although as a whole undergraduate student commute generate more emission, the per capita contribution to tCO 2 e is less than half of graduate students and roughly one fourth than staff (Table 3) . It is interesting to analyze people's behavior around transportation at the Talca campus. Locating residences around the institution reduced carbon emissions since students could walk or bike to campus. Increments of carbon emissions from graduate students and staff commuting (academics and non-academics) are attributed to their increased use of mechanized means.
Currently, public transportation in Chile does not use clean fuel from renewable sources. There are some examples of electric or compressed natural gas fueled cars in larger cities, but not in Talca, the region where the campus under analysis is located. People striving to reduce their environmental footprint might consider using public transportation with increased per capita energy efficiency. Therefore, awareness or incentive campaigns to encourage people to use public transportation will help reduce the footprint of transportation.
As observed in Table 1 , the variability of data reported in similar studies could be explained by the methodology, and partial or total university analysis included in the database for the calculation of CF. Moreover, large discrepancies can be explained by the differences in student living habits at the different universities; most students in developed countries live on campus, commuting on foot, while students from developing countries live off-campus, community by car or bus.
Historical CF of the University of Talca Campuses
Measurements of CF from 2012 to 2016 in different campuses are shown in Table 4 . CF measurement is a trend within the University of Talca system that began in 2012 as a pilot study in the Curicó campus, with 2016 being the first year in which all campuses reported their carbon emissions. Due to the lack of information about number of students and staff, it was not possible to create the indicator CF/person in 2012 and 2013. However, this information was recorded since 2014 and is presented in Figure 2 . Local emission factors have been constantly improved due to advancements in research, greater awareness, and availability of additional data. Program Huella Chile MMA in 2013 is a prime example of an initiative of the Chilean government supporting the creation of local emission factors. Moreover, the total inputs used in Scope 3 have not varied since 2015. This context and agreements in the methodological framework produced less variability in the total results and allowed comparison of results among years. Curicó and Santiago campuses had the longest period of CF measurement. The first case shows a continued reduction over time. Comparing this indicator in 2016 and 2014, a reduction of 26% is observed (Figure 2 ). This is attributed to several mitigating actions that were taken on this particular campus, such as replacing the original light bulbs with lower-energy, higher-efficiency bulbs, installing motion sensors for turning lights on and off in classrooms, and improving boiler efficiency, along with several others. Santiago case, the indicator of CF per person rises due to the effect of longer journeys in car and interurban buses done by commuting of postgraduate students who live outside the city. The Colchagua campus has the highest CF measured per person. This can be explained by the transport habits of the staff and student community, as well as the distances they travel. This observation reinforces the fact that indirect emissions of people and processes within the campus can be a major contributor to total impacts. The Colchagua campus had the highest CF measured per person. This can be explained by the transportation habits of the staff and student community, as well as the distances they travel. This observation reinforces the fact that indirect emissions of people and processes within the campus can be a major contributor to total impacts. A more exhaustive CF determination was developed in 2016 when the database of the Huella Chile Program was used, which was updated to represent the activities better at a national scale. Moreover, at the time many universities in Chile, including the University of Talca, were involved in an Agreement of Clean Production, where accounting for CF was mandatory. This fact guided the methodology and the decision regarding the choice of emission sources for analysis, particularly in Scope 3. The inputs considered are presented in Table 2 . Although monitoring of CF had been going on since 2012, it was not until 2016 that CF for all campuses was calculated and reported. Therefore, this study looks into CF of 2016 in greater detail while the variation over time is presented and discussed ( Figure 3 ). According to Figure 3 , across all campuses, the main contributor to CF is Scope 3. This source is difficult to control due to its execution by third parties. However, a university could control the quality of its suppliers, and the characteristics of the material used (local or external, renewable or nonrenewable, and durability, among others).
The effect of a university campus with satellite campuses is observed in Scope 3, where the Talca campus reports the lowest contribution due to the closeness of the students and workers to the organization. Historically, the contributions of Scope 3 in GHG emissions on the Curicó, Santiago, Colchagua, and Linares campuses were 75.7%, 78.92%, 82.34%, and 77.62%, respectively, compared with only 60.35% on the Talca campus. Distance traveled and transportation habits (car alone, shared car, public bus, biking, walking, taxi, or Uber, among others) are factors that can be studied and strategies can be formulated to reduce GHG emissions on campuses. This information can help guide policies to improve environmental protection and the life quality of the community.
Emission Reduction-General Discussion
There are several ways the CF of campuses can be reduced. Stressors to the environment are analyzed using collected data. Additionally, ways to mitigate or reduce emissions are suggested.
The university can greatly benefit from applying an overarching energy management system to decrease the total energy consumption. This system will be implemented in 2020 in Talca campus. Adopting an energy management system such as ISO 50001 could result in a reduction of energy consumption of 6% [33] . This reduction in energy consumption translates into a 2.1% total GHG emission reduction. The university can further benefit from applying the overarching energy management system to decrease the total energy consumption. In the case of the Talca campus, adopting an energy management system such as ISO 50001 could result in a reduction of energy consumption of 6%. This reduction in energy consumption translates into a 2.1% total GHG emission reduction.
Communal activities such as dining in the dining hall, studying in the library, and using public transportation should reduce the CF. At the same time, creating a fully residential campus would reduce the transport component of the footprint described in Scope 3, which is the major contributor to CF. Since Scope 3 is the major stressor, there are several steps that can help reduce the reliance on mechanized transportation for commuting. The university can incentivize travel by public transportation such as buses and trains by providing to students and staff a subsidized commuter's pass. Furthermore, carpooling should be encouraged and perhaps rewarded with free or dedicated parking spaces. Traveling by bike should be encouraged.
An action that would complement those above is the accurate maintenance of boilers used on campuses, or retrofitting boilers to make them high efficiency, running on cleaner fuel. Technology is available but it needs substantial capital investment. Reference [34] found that the replacement of fossil fuels by renewable energy would lead to a reduction in the environmental footprint, cutting CO 2 emissions by 17% if 23% of equipment were replaced. Similarly, a campus-wide move to fuel from renewable sources or cleaner fuels can significantly reduce CF. Nitkiewicz and Ociepa-Kubicka [35] analyzed the Life Cycle Assessment of different scenarios of biomass to produce energy in an organization, reported that an investment in a biomass-fired steam boiler that uses agricultural and woody biomass to produce energy showed a 25% decrease in the overall impacts.
Another way to reduce the CF is to offset it. This can be done by taking advantage of the sequestered carbon in the existing biomass and, if needed, planting new biomass. Incorporating the measurements of carbon absorption from the amount of biomass existing in the university's Arboretum and Botanical Garden (which cover a total of 13 hectares) and determining the capacity of annual carbon absorption by the annual increase of biomass are the major first steps. According to Ugle et al. [36] , one ton of carbon storage in a tree represents the removal of 3.67 t of carbon from the atmosphere and the release of 2.67 t of oxygen back into the atmosphere. Similarly, some research has shown that carbon sink per hectare in the forest is important. For example, Liu [37] reported 33.22 t/ha of carbon stored by an urban forest in Shenyang, China; and Qasim [38] reported 44.64 ± 12.44 t/ha in the trees from Azad Jammu and Kashmir Parks, India. Comparatively larger values of carbon are found in trees because of their large biomass.
Important data should be collected in botanical gardens, such as tree species, biodiversity, age, mean annual increment, among others, to estimate the reduction of GHG emissions. Carbon sequestration assessment requires uniform, standardized methodologies able to quantify the variability of key parameters that account for carbon sequestration. Additionally, the carbon stocks generated by afforestation, composed of relatively young forest patches, aged from 10 to 28 years, are not negligible. Many researchers report that trees can reach 1 ton per hectare per year and are predicted to double after 12 years ( [39] [40] [41] [42] ).
The selection criteria of inputs in Scope 3 are very important. There are aspects of comparing measurements between campuses that are related to the quantities and types of inputs that are accounted for in the final results of the scope. For example, inputs related to transportation of LPG, toilet paper, and recycled waste could be left out of the calculation due to their low levels of contribution to the final results, simplifying the process of data collection. A similar situation occurs with fuel consumption in outsourced services that represents information not controlled by the organization and whose contribution has been evaluated as marginal. These examples describe irrelevant emission sources that could be omitted.
Finally, a greater effort toward educating members of the community about their contribution to the CF level would raise awareness of the issue and could be expected to go a long way toward reducing CF levels. This action will reduce GHG emissions related to all scopes.
Conclusions
The empiric evidence about methodologies to calculate CF in institutions of higher education shows that there is more than one way to calculate it. However, the GHG protocol is a widely recognized and well-known methodology to calculate CF. Additionally, it is important to develop emissions inventory based on case studies. In this study of CF at the University of Talca, Scope 3 emission sources like commuting, paper consumption, LPG consumption, waste generation, water consumption, and business travels were deemed important because of its institutional relevance and contribution to the total emissions and, therefore, must be quantified.
The analysis of the evolution that the measurement of the CF had during 2012-2016 provides in methodological terms and identification of the GHG emission inventory, a clear and concise vision on the way in which to perform the measurement of CF in the next years. The development of sustainable campuses in the world and its relationship with the management of greenhouse gases aims at carbon neutrality. In this sense, understanding the complexities existing in each campus from the consolidation of its GHG emission inventories to the way of collecting data is key aspect to develop strategies that seek to reduce and neutralize emissions.
The study strongly suggested that the transportation of students and faculty to and from the campus is one of the main stressors. Another activity contributing significantly to CF was the operation of boilers. The CF of a university depends, among other factors, on the technologies or good practices adopted in facility management to be more efficient with resources, mainly in climatization, use of paper and waste generation. Some universities contain energy-intensive facilities, which could increase one of the scopes of this indicator. In addition, the types of automobiles used in commutes directly affect the scope 3. Regardless, promoting and incentivizing public transportation, shared commuting, and bicycling can help reduce the CF.
Indirect impact, associated with scope 3, which is currently optional in GHG protocol, was the single largest contributor to CF on all campuses. Consequently, a framework must be defined for adding indirect emission sources and the choice of their inputs, ensuring the accomplishment of the criteria of emission source selection. Moreover, it is important to strengthen the effort to build the foundations of local emission inventories adapted to the reality of each measurement. Accounting carbon emissions and reporting them acts as a reflection of due diligence and can serve several purposes including formulating efforts in order to reduce emissions. 
